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SAMENVATTING
Dit rapport vergelijkt de reproduktieve strategieën 
van de sterrog (Raja radiata Donovan 1808), de 
koekoeksrog (R. naevus Müller & Henle 1841), de 
gladde rog (R. montagui Fowler 1910) en de 
stekelrog (R. clavata Linnaeus 1758) met elkaar, in 
relatie tot verspreiding en biomassa in de Noordzee. 
De onderzochte roggen zijn gevangen in de 
Noordzee in 1992. De gonaden van zowel de 
mannelijke als de vrouwelijke roggen ontwikkelen 
zich en worden volwassen bij de kleinste disk 
breedte in R. radiata gevolgd door R. naevus, R. 
montagui en R. clavata. De gonado/somatische 
index, het gewicht van de nidamentaal klieren, het 
totale aantal gele eieren en de lengte van de rechter 
clasper laten dezelfde volgorde van ontwikkeling 
zien voor de vier soorten. Vrouwelijke roggen zijn 
volwassen of bijna volwassen als er gele eieren in 
hun ovaria aanwezig zijn. De eerste vrouwtjes met 
gele eieren zijn in R. radiata aanwezig in disk 
breedte klasse 20-24 cm (lengte klasse 31-37 cm), 
in R. naevus in disk breedte klasse 28-32 cm (lengte 
klasse 49-55 cm), in R. montagui in disk breedte 
klasse 40-44 cm (lengte klasse 58-64 cm) en in R. 
clavata in disk breedte klasse 56-60 cm (lengte 
klasse 77-82 cm). R. radiata is waarschijnlijk het 
minst kwetsbaar voor visserij van de 4 soorten, 
omdat deze soort sneller volwassen wordt dan de 
andere drie soorten. R. radiata is tegenwoordig de 
meest algemeen voorkomende soort in de Noordzee 
en de relatief gezien lage leeftijd waarop deze soort 
volwassen wordt, is waarschijnlijk de sleutel factor 
voor het "succes" van deze soort in de Noordzee.
Reproduktie en opslag van energie tussen twee 
groepen van R. radiata, gevangen in de Noordzee in 
1992, zijn vergeleken met elkaar. De indeling in 
twee groepen (twee gebieden) is gebaseerd op ver­
schillen tussen de gemiddelde bodem temperatuur 
in augustus over de periode 1902-1952. De 
gonado/somatische index en de lengte van de 
claspers van de mannelijke roggen gevangen in 
kwartaal 3 (augustus/september) zijn significant 
hoger in het warme gebied (9±2°C) dan in het koude 
gebied (7±2°C). Van de vrouwelijke roggen 
gevangen in hetzelfde kwartaal was de gonado/- 
somatische index hoger en het gewicht van de lever 
en de hepato/somatische index lager in het warme 
gebied dan in het koude gebied. Deze verschillen 
worden waarschijnlijk veroorzaakt door verschillen in 
temperatuur tussen de gebieden waar deze twee
groepen roggen werden gevangen. Er waren geen 
significante verschillen in reproduktie en opslag 
tussen de twee groepen die zijn gevangen in de 
kwartalen 1 (januari/februari) en 2 (mei). In deze 
kwartalen was dee gemiddelde bodem temperatuur 
hetzelfde tussen de twee gebieden.
SUMMARY
This paper compares the reproductive strategies of 
the starry ray (Raja radiata Donovan 1808), the 
cuckoo ray (R. naevus Müller & Henle 1841), the 
spotted ray (R. montagui Fowler 1910) and the 
thornback ray (R. clavata Linnaeus 1758), in relation 
to differences in their distribution and abundance in 
the North Sea. The investigated rays were caught in 
the North Sea in 1992. The gonads of males and 
females begin to develop and become mature at the 
lowest disc width in R. radiata followed by R. 
naevus, R. montagui and R. clavata. The 
gonado/somatic index, the weight of the nidamental 
glands, the total number of yellow eggs and the 
length of the right clasper show the same sequence 
in development for the four species. Female rays 
are mature, or close to maturity, when yellow eggs 
are present. The first females with yellow eggs are 
present in R. radiata at disc width class 20-24 cm 
(length class 31-37 cm), in R. naevus at disc width 
class 28-32 cm (length class 49-55 cm), in R. 
montagui at disc width class 40-44 cm (length class 
58-64 cm) and in R. clavata at disc width class 56- 
60 cm (length class 77-82 cm). R. radiata probably 
has the highest tolerance to fishery of the four 
species, because this species reaches maturity 
sooner than the other three species. At present R. 
radiata is the most abundant species in the North 
Sea and the relative low age-at-maturity of this 
species is probably the key-factor for the "success" 
of this species in the North Sea.
Reproduction and storage of energy between two 
groups of R. radiata caught in the North Sea were 
compared. The two groups (two areas) were divided 
on the basis of the mean bottom water temperature 
in August from 1902-1952. For males caught in 
quarter 3 (August/September) the gonado/somatic 
index and the length of the claspers were 
significantly higher in the warmer area (9±2°C) than 
in the colder area (7±2°). For females caught in the 
same period the gonado/somatic index was 
significantly higher in the warmer area than in the 
colder area; whereas the weight of the liver and
hepato/somatic index were significantly lower in the 
warmer area than in the colder area. These 
differences are probably caused by differences in 
temperature between the areas in which the groups 
were caught. There were no significant differences
in reproduction and storage between the two groups 
of R. radiata caught in quarters 1 (January/- 
February) and 2 (May). The mean bottom water 
temperature in these quarters was the same in both 
areas.
The elasmobranchs belong to the Chondrichthyes 
(cartilaginous fish) and have been evolving 
independently for at least 450 million years. Rays 
and skates (Rajiformes) and sharks (Squaliformes) 
belong to this group of fishes. The elasmobranchs 
have developed a life-history pattern that is different 
from that most of teleosts (bony fish; Osteichthyes). 
The main life-history characteristics of the elasmo­
branchs are slow development, large adult size, low 
fecundity and late age-at-maturity (H olden , 1973; 
Hoenig  & G ruber , 1990). On the contrary most 
teleosts have rapid development, small adult size, 
high fecundity and early age-at-maturity (H oenig  & 
G ruber , 1990). According to the r/K selection theory 
of McA rthur & W ilson (1967) the life-history 
characteristics of the elasmobranchs makes them K- 
strategists, compared with the teleosts which are 
mostly r-strategists.
In the past some species of rays and skates in the 
North Sea were caught commercially for human 
consumption, while nowadays they are usually a by- 
catch. Only the bigger rays are taken for their flesh 
and the smaller rays are thrown back as discards 
(A n on ., 1989a; A n on ., 1989b). The International 
Council for the Exploration of the Sea (ICES) has 
collected catch statistics of North Sea fishes since 
the beginning of the century. These are published 
annually in the Bulletin Statistiques. Analysis of the 
data shows that the landings of rays and skates 
declined between 1910 and 1975, with periods of 
recovery during World Wars I and II, when fishing 
was virtually stopped (see also Holden , 1978). The 
catches have been relatively stable during the past 
15 years, but are much lower than at the beginning 
of this century (Fig. 1). This decline in catches of 
rays and skates and the recovery periods during 
World Wars I and II, suggests that rays and skates 
are vulnerable to fisheries exploitation. In shark 
fisheries initial exploitation is often followed by a 
rapid decline in catch rates and sometimes a 
complete collapse, suggesting the same vulnerability 
to fishery (H o ld en , 1974a; W ood  et al., 1979). The 
life-history characteristics of the elasmobranchs in 
terms of the slow development, large adult size, low 
fecundity and late age-at-maturity are probably the 
main reasons for their vulnerability to fishery 
(Ho ld en , 1973; Ho ld en , 1974a; Fogarty et al., 
1989; Hoenig  & G r uber , 1990). It has been inferred 
that these species generally have little capacity to
compensate for the effect of harvesting (Fogarty et 
al., 1989). Low reproductive output and the 
extended time required to reach maturity are the 
dominant factors resulting in low resilience to 
exploitation in the elasmobranchs (Fo g arty , et al., 
1989). The relationship between stock and recruit­
ment in the elasmobranchs is quite direct, because 
of the low fecundity and low numbers of well 
developed eggs and offspring. Therefore a decrease 
in adult population will lead directly to a decrease in 
recruitment (H oenig  & G ruber , 1990). For species 
with low fecundity, the natural mortality rate is 
assumed to be low and the conclusion suggested 
from fisheries which have collapsed is that these 
species can withstand, at the most a small increase 
in fishing mortality, on top of the fishing mortality 
already present, before recruitment is reduced 
below the replacement level (H o ld en , 1973). Not all 
the elasmobranchs have the same vulnerability to 
fishery, because of differences in the reproductive 
strategies between species. The tolerance to fishery 
is probably higher for a species that has a faster 
development, smaller adult size, higher fecundity 
and lower age (size)-at-maturity (lesser K-strategist) 
than another ray species. The species with the 
smallest adult size, highest fecundity and the lowest 
age-at-maturity can probably withstand the highest 
exploitation pressure and will therefore increase in 
abundance relative to the species which have a 
larger adult size, lower fecundity and a higher age- 
at-maturity. According to B rander (1981) the net 
survival to maturity is probably more important than 
the fecundity of the ray species. The longer it takes 
for a female ray to mature, the higher the chance 
that she will be caught before she can reproduce, 
assuming there are no differences in the catchability 
of different ray species. A shift in distribution area 
and abundance in favour of the lesser K-strategists 
could indicate a higher tolerance to fishery for these 
species, which is probably caused by differences in 
reproductive strategies. The age-at-maturity is pro­
bably a key-factor in the difference in tolerance to 
fishery between ray species (B rander , 1981).
There are also differences in life-history 
parameters from (sub)populations of the same 
species in elasmobranchs. For example: the 
maximum size of R. radiata is much smaller in the 
North Sea (about 66 cm; V inther , 1989) than in the 
North Atlantic (about 90 cm; T empleman , 1984; 
W hitehead et al., 1984) and the egg-cases are 
smaller in the North Sea than in the North Atlantic
(T em plem an , 1984), suggesting differences in the 
age and size-at-maturity. Differences in growth pa­
rameters have been observed between populations 
from different locations of female spiny dogfish 
(Squalus acanthias; Fahy , 1989b). In the North Sea 
the maximum length, age-at-maturity and life- 
expectancy of the spiny dogfish is lower than that of 
populations from relatively colder areas (Canadian 
Pacific and New Zealand Pacific). These differences 
suggest some latitudinal influence in which 
temperature could play an important role. 
Observations of reproduction and storage of food in 
two thermally differentiated groups of a ray species 
could offer some insight into the energy 
requirements of the species.
This paper compares the reproductive strategies 
of the starry ray (Raja radiata Donovan 1808), the 
cuckoo ray (Raja naevus Müller & Henle 1841), the 
spotted ray (Raja montagui Fowler 1910) and the 
thornback ray (Raja clavata Linnaeus 1758) in 
relation to distribution and abundance between 
these species. Secondly, reproduction and storage 
of energy (food resources) between two thermally 
differentiated groups of R. radiata will be compared 
with each other. In Chapter 2 an introduction on the 
biology of the family Rajidae and the Raja species 
treated in this paper will be given.
2. BIOLOGY OF RAYS IN THE NORTH SEA
The ray species of the fam ily  Rajidae occurring in 
the North Sea are opportun istic in the ir feeding 
habits. They feed on various kinds of bottom 
anim als and the  la rger individuals also have a 
substantia l am ount of fish in the ir diets (Holden  & 
T ucker , 1974; T empleman, 1982; W hitehead et at., 
1984; V inther , 1989). They are all oviparous, laying 
horny egg-cases tha t are form ed by the nidam ental 
g lands (H obso n , 1930). The egg-cases are depo­
sited on the sea bottom  or becom e attached to 
stones, rocks o r vegetation (C lark, 1926; Hobso n , 
1930; Du Bu it , 1976; Ryland & Ajayi, 1984). There 
is c lea r sexual d im orphism . The m ales have 
claspers (m ixopteryg ia) which are inserted (probably 
one at a tim e) into the  cloaca of the fem ale to 
trans fe r the sperm atophores (Steven , 1934; 
Holden , 1975). About sixteen species occurred in 
the English C hannel and the North Sea in the 1920's 
(Clark , 1926). Nowadays about ten species occur in 
the  English Channel and the North Sea (W hitehead 
eta!., 1984; K nijn et a!., 1993; Daan eta!., 1990), of
which R. radiata is the most abundant. Maximum 
length, age-at-maturity, maximum age and the 
average annual production of egg-cases of the four 
most abundant species {R. radiata, R. naevus, R. 
montagui and R. clavata) in the North Sea are 
presented in Table 1.
Raja radiata Donovan 1808: starry ray or 
thorny ray. Size to about 60 cm at lower latitudes 
and moderate depths, to about 90 cm at higher 
latitudes and deeper water (arctic and boreal 
latitudes up to 1000 m deep) (W hitehead et al., 
1984). The smallest egg-cases are reported from 
the North Sea and females probably reach maturity 
at a lower size than in the North-west Atlantic 
(Templeman, 1982). No seasonal changes in the 
distribution pattern were observed and there are no 
indications for the existence and location of 
spawning grounds in the North Sea (K n ijn  et al., 
1993). No information about the fecundity of this 
oviparous species is known for the North Sea. The 
main spawning season is probably between 
February and June, but mature females in the 
North-west Atlantic with well developed eggs occur 
throughout the year (Templeman, 1982). Starry ray is 
a by-catch species in the trawl, seine and longline 
fisheries. It is usually discarded because it is too 
small for human consumption (K n ijn  et al., 1993). 
The mean biomass of the starry ray in the North 
Sea from 1977 to 1988 was estimated at 100,000 
ton, making it the most abundant ray species in the 
North Sea ( S p a rh o lt&  V in th e r, 1991). Migration in 
the Newfoundland area occurred across deep water 
channels in which temperatures were close to zero, 
but not if temperatures where higher (Templeman, 
1984). Both male and female become sexually 
mature at 4-6 years and reach a maximum length of 
66 cm in the North Sea (V in th e r, 1989; Table 1). 
Distribution: whole northern Atlantic, southward to 
the English Channel, all (except southern part) of 
the North Sea, western part of the Baltic. Elsewhere, 
north-western Atlantic southward to South Carolina; 
also reported from western side of South Africa, in 
deep water (W hitehead et a i, 1984).
Raja naevus Müller & Henle 1841: cuckoo ray. 
The presence of egg-cases throughout the year in 
the Celtic Sea suggests that in this area there is no 
distinctive peak spawning season (Du B u it, 1976; 
W hitehead et a i, 1984). Catches in the North Sea 
are largely confined to the north-western part. Some 
seasonal migration may take place in the North Sea 
(K n ijn  et a i, 1993). Maximum length for this species
c a u g h t o ff th e  B ritta n y  c o a s t is a b o u t 92  cm , th e  
a g e -a t-m a tu r ity  is a b o u t 9 ye a rs , m a x im u m  age  is 
a b o u t 1 3 -1 4  y e a rs  an d  th e  fe m a le s  p ro d u ce  an 
a ve ra g e  o f 7 1 -9 0  e g g s  a ye a r, (C la rk , 1922; H o l­
d e n , 1 974 a ; D u B u it , 1 975 ; D u B u it , 1976; T a b le  1). 
T h e  m ea n  b io m a s s  o f th e  c u c k o o  ray  in th e  N orth  
S ea  fro m  1 977  to  1986  w a s  e s tim a te d  a t 4 5 ,0 0 0  ton 
(D aan  et al., 1990). D is tr ib u tio n : A tla n tic  c o a s t 
n o rth w a rd  fro m  n o rth e rn  M o ro c c o  to  Ire la n d  and 
B rita in  an d  n o rth e rn  p a rt o f N o rth  S ea , to  K a tte g a t; 
w e s te rn  p a rt o f M e d ite rra n e a n , to  T u n is ia  and  
w e s te rn  G re e c e , ra re  in e a s te rn  pa rt. E lse w h e re  
re p o rte d  fro m  S e n e g a l (W h ite h e a d  et al., 1984).
Raja montagui Fowler 1910: spotted ray. 
C atches of th is  species in the North Sea are 
presently lim ited to two well separa ted areas, one in 
the north -w estern part o f the North Sea and the 
o ther one in the sou th-w este rn  part of the North Sea 
(V in th e r & S p a rh o lt ,  1988; K n ijn  et al., 1993). 
Peak spaw ning in the Bristol Channel is from  
February to June (R y land  & A jay i, 1984). M axim um  
length fo r  th is species caught in the Irish Sea and 
Bristol C hannel is about 6 9 -7 3  cm  (H o lden , 1972) 
and in C arm arthen Bay, o ff the W elsh coast, 98 cm 
(R y land  & A ja y i, 19 8 4 ). The age-a t-m atu rity  is about 
11 years, m axim um  age is about 18 years and the 
fem ales produce an average o f 24-61 eggs a year 
(H o lde n  et al., 1971; H o lden , 1972; H o lden , 1974a; 
R yland  & A jay i, 1 984; Fahy, 1 989a ; Table 1). The 
mean b iom ass of the spo tted ray in the North Sea 
from  1977  to 1986  was estim ated at 1 6 ,00 0  ton 
(Daan et al., 1 9 9 0 ). Distribution: A tlan tic coasts from  
M orocco northw ard to the Shetlands, southern  North 
Sea and Baltic Sea, a lso western part of 
M editerranean (to Tun is ia  and to  w estern Greece) 
(W hitehead et al., 1 984).
Raja clavata Linnaeus 1758: roker or thornback 
ray. There appears to be spawning migration and 
mating aggregation by this species. Spawning 
occurs between March and September in inshore 
areas, which probably serve as nursery grounds for 
the immature individuals (C la rk , 1922; C la rk , 1936; 
Steven, 1936; H o lden , 1975; R yland  & A jay i, 1984; 
R ousse t, 1990; K n ijn  et al., 1993). Maximum length 
for this species is about 86-120 cm, the age-at- 
maturity is about 7 -1 2  (females 9 -12 ) years, 
maximum age is about 20 years and the females 
produce an average of 6 2 -1 4 0  eggs a year (C la rk , 
1922; S teven, 1 936 ; H o lden  et al., 1971; H o lden , 
1972; H o lde n , 1975; R yland  & A jay i, 1984; Table 
1). The mean biomass of the thornback ray in the
North Sea from 1977  to 1986 was estimated at
11 ,600  ton (Daan et al., 1990). Distribution: Atlantic 
coasts from Madeira and Morocco northward to 
Iceland and Norway (south of Arctic Circle), as well 
as North Sea and western Baltic (rare); also whole 
Mediterranean and western part of Black Sea. 
Elsewhere, southward to South Africa and south­
western Indian Ocean (W hitehead et al., 1984).
3. MATERIAL & METHODS
3.1. FIELD SAMPLING
3.1.1. FISHING METHODS
Males and females of the starry ray (Raja radiata 
Donovan, 1808), the cuckoo ray (R. naevus Müller & 
Henle, 1841), the spotted ray (R. montagui Fowler, 
1910) and the thornback ray (R. clavata Linnaeus, 
1758) were measured and investigated on the 
research vessels or in the laboratory. These rays 
were caught in the North Sea throughout 1992. For 
the determination of the species the drawings and 
descriptions in Whitehead et al. (19 8 4 ) were used. 
Two methods of fishing were used, a GOV-trawl 
(average distance between trawl doors 72  m; 
average distance between wing ends 21 m; headline 
height 5 m; stretched mesh 2 0 0 -2 0  mm) and a 
beamtrawl (5 .5  m; 50 mm mesh at the cod end; two 
tickler chains), respectively used by the RV Tridens 
from the Netherlands Institute for Fishery 
Investigations (RIVO) and the RV Pelagia from the 
Netherlands Institute for Sea Research (NIOZ). The 
catch statistics of these caught rays are presented 
in Table 2.
3.1.2. MEASUREMENTS
The total weight (g), length (mm) and disc width 
(mm) were measured on board of research vessels 
or in the in laboratory (after thawing the frozen 
rays). No correction has been made for freezing 
because only small differences were present 
between the length and disc width of R. montagui 
and R. clavata (Table 3). Length (tip of snout to end 
of tail) of a ray is sometimes impossible to measure, 
because a part of the tail is missing. Disc width can 
always be measured and has been chosen to 
describe the size of the rays. The disc widths of the 
rays are divided into classes of 4  cm (0 to 4 cm, 4.1 
to 8 cm, 8.1 to 12 cm etc.). Male rays have cartilage
appendages called claspers (mixopterygia) which 
are used (probably one at a time) to implant the 
spermatophores into the cloaca of the female. The 
length (mm) of the right clasper was measured as 
the distance between the tip of the clasper and its 
point of emergence from the skin of the inner side 
(Steven , 1934).
The gonads and the liver were investigated and 
measured after opening the abdominal cavity 
(ventral side). The egg-cases are formed by the 
nidamental glands of the female. The weight of the 
oviducts were included in the weight (mg) of the 
nidamental glands. Egg-cases were not included in 
the weight of the nidamental glands. The eggs in the 
ovaries were divided into three different classes.
1. Eggs with a diameter from 1 to 4 mm; eggs 
usually white or white/translucent.
2. Eggs with a diameter from 4 to 5 mm; eggs 
usually white/pale yellow or white/translucent/- 
pale yellow.
3. Eggs with a diameter of 5 mm or higher; eggs 
usually yellow or yellow/red. Only the eggs in this 
egg class were counted (both ovaries) and are 
called "yellow eggs" throughout this paper.
For the males weight (mg) of the gonads consists of 
the weight of the testes and the weight of the vas 
deferens (the part rostral to the kidneys). Weight of 
the gonads for females consists of the weight of the 
ovaries and the weight of the nidamental glands 
(including the oviducts). Egg-cases were not 
included in the weight of the gonads.
3.1.3. ANALYSIS
In literature disc width (DW) or length (L) is used to 
describe the size of a ray. The parameters a and b 
of the following formula have been estimated to 
make these two size measurements exchangeable:
L (cm) =  a  +  b * D W (cm)
The relationship between total weight (TW) of a ray 
and disc width (DW) was calculated. Parameters a 
and b of the following formula have been estimated:
m {g)= a *D W {bcm)
The estimate of the parameters was performed with 
the Quasi-Newton method (non-linear least squares
method, minimizing the squared deviations of the 
dependent variable data values from values 
estimated by the function at the same independent 
variable points. Numeric estimates of the first and 
second derivatives of the loss function are made to 
seek a minimum).
The gonado/somatic index (GSI) is the weight of the 
gonads (TWG) divided by the total weight (TW) of 
the ray. This index describes how much energy is 
put into reproduction.
GSI = TWG(k) / TW(g)
The hepato/somatic index (HSI) is the weight of the 
liver (LW) divided by the total weight (TW) of the 
ray. This index describes how much energy is put 
into fat storage.
HSI = LW(k> / TW(g)
The analyses were performed with SYSTAT version
5.0.
3.2. DISTRIBUTION
The numbers of rays caught per hour fishing (catch 
per hour) have been calculated for the starry ray (R. 
radiata), the cuckoo ray (R. naevus), the spotted ray 
(R. montagui) and the thornback ray {R. clavata) in 
1974, 1981, 1986 and 1991 per ICES rectangle 
(quadrant). No distinction in the calculation of the 
catch per hour has been made between males, 
females, immature, adolescent or mature 
individuals. The size of each dot in the various North 
Sea maps in this paper corresponds with the size of 
the mean catch per hour made in that quadrant. The 
calculation of the mean catches per hour per 
quadrant are based on catches made by research 
vessels of different countries, joining the February 
surveys (quarter 1) in the North Sea (including 
Skagarak/Kattegat) of the International Council for 
the Exploration of the Sea (ICES) and the 
International Young Fish Survey (IYFS). Some of 
the cooperating research vessels used other gears 
than the standardized GOV-trawl, because of a 
continuation of existing national surveys. The 
catches per hour of other gears were recalculated to 
make them comparable with the catch per hour of 
the GOV-trawls (K n i jn  et a!., 1993).
4. RESULTS
4.1. FIELD SAMPLING
4.1.1. ANALYSIS
Only the catches of R. radiata contained individuals 
smaller than 20 cm. In the catches of R. naevus, R. 
montagui and R. clavata individuals of the disc width 
classes (4-20 cm) were virtually absent. Individuals 
of R. clavata were the largest caught, followed by R. 
montagui, R. naevus and R. radiata. These four 
species were the only ones caught during the 
surveys. Most of the caught rays were R. radiata 
(Table 2).
The relationship between disc width and length for 
the caught males and females of R. radiata, R. 
naevus, R. montagui and R. clavata is presented in 
Table 4
The total weight (TW) of the males and females of 
R. radiata (Figs. 2a and 2b), R. naevus (Figs. 3a 
and 3b), R. montagui (Figs. 4a and 4b) and R. 
clavata (Figs. 5a and 5b) is plotted against disc 
width (DW).
The relationship between total weight and disc 
width for the caught males and females of R. 
radiata, R. naevus, R. montagui and R. clavata is 
presented in the Figs. 2, 3, 4 and 5.
4.1.2. MATURATION STAGES
The investigated individuals of R. radiata, R. 
naevus, R. montagui and R.clavata can be divided 
into three development stages.
1. Immature rays
The claspers of the males do not exceed the 
pectoral fins. The testes are very small, white and 
not differentiated. The vas deferens is narrow and 
the part just rostral of the kidneys is not coiled. The 
rostral part of the vas deferens is not swollen.
The ovaries of the females are very small and when 
they contain eggs (white/translucent), these have a 
diameter smaller than 1 mm. The nidamental glands 
are small and not differentiated. The oviducts are 
narrow.
2. Adolescent rays
The tip of the claspers of the males exceeds the 
pectoral fins, but the cartilaginous parts are not 
ossified and hard. Small white/translucent globules 
can be seen in a part of the testes, but the greater
part of the testes is still not differentiated. The vas 
deferens is still thin, but slightly coiled in the caudal 
part of the abdominal cavity. The rostral part of the 
vas deferens is slightly swollen.
The eggs in the ovaries of the females are 
developing. The eggs are small white/translucent to 
white/yellow with a diameter lower than 5 mm. The 
nidamental glands become kidney shaped, but are 
not differentiated completely. The oviducts are 
developing but are still narrow.
3. Mature rays
The tip of the claspers of the males exceed well 
beyond the pectoral fins and the cartilaginous parts 
are partially ossified and hard. The testes are well 
differentiated and in a large part of the testes well 
developed translucent globules are present. The vas 
deferens is thick and heavily coiled in the caudal 
part of the abdominal cavity. The rostral part of the 
vas deferens is swollen.
The ovaries of the females contain yellow or 
yellow/red eggs with a diameter greater than 5 mm. 
The nidamental glands are kidney shaped and fully 
differentiated. The oviducts are wide.
4.1.3. REPRODUCTION OF THE FOUR RAY SPECIES
There are clear differences in gonad development 
between R. radiata, R. naevus, R. montagui and R. 
clavata. The gonads of males and females begin to 
develop and become mature at the lowest disc width 
in R. radiata followed by R. naevus, R. montagui 
and R. clavata (Figs. 6a and 6b). The gonads of the 
males of R. montagui and R. clavata begin to 
develop and become mature at a lower disc width 
than the gonads of the females. The gonads of the 
males of R. radiata and R. naevus mature at about 
the same disc width as the gonads of the females. 
The gonado/somatic index (Figs. 7a and 7b), the 
weight of the nidamental glands (Fig. 8), the total 
number of yellow eggs (Fig. 9) and the length of the 
right clasper (Fig. 10) show the same sequence in 
size for the four species. The gonado/somatic index 
for males and females of R. radiata and R. naevus 
is higher than that for R. montagui and R. clavata. 
Female rays are mature, or are close to maturity, 
when yellow eggs are present (Fig. 9). Yellow eggs 
are present in R. radiata at disc width class 20-24 
cm (length class 31-37 cm; see Table 4), in R. 
naevus at disc width class 28-32 cm (length class 
49-55 cm), in R. montagui at disc width class 40-44
cm (length class 58-64 cm) and in R. clavata at disc 
width class 56-60 cm (length class 77-82 cm).
4.1.4. REPRODUCTION AND STORAGE IN TWO 
GROUPS OF RAJA RADIATA
The starry rays (R. radiata) caught in 1992 in the 
North Sea are divided into two thermally 
differentiated groups. Reproduction and the weight 
of the liver (storage of energy) of the rays of the two 
groups are compared with each other, taking into 
account the sex and the quarter of the year in which 
they were caught (quarter 1; January/February, 
quarter 2; May and quarter 3; August/September, 
Table 2). The two groups (areas) were defined by 
looking at the thermoclines of the mean bottom 
temperature of January, May and August from 1902 
to 1952 (Tomczak & G oedecke , 1962) and by taking 
into account the number of specimens available for 
each group. The mean bottom water temperature of 
the month August from 1902 to 1952 shows the 
highest temperature difference between the areas in 
which groups 1 (9±2°C) and 2 (7±2°C) of the starry 
rays (R. radiata) in 1992 in the North Sea were 
caught (Fig. 11). The border that was drawn to 
divide the rays into two groups is therefore mainly 
based on this month. ANOVA was used to see if the 
differences between groups 1 and 2 of quarter 3 are 
significant. Only rays with a disc width larger than 20 
cm were tested with ANOVA.
The males of group 1 have a significantly higher 
gonado/somatic index (Fig. 12a; ANOVA, p=0.027) 
and length of the claspers (Fig. 16; ANOVA, 
p=0.021) than the males of group 2. No significant 
differences between the males of groups 1 and 2 
could be detected for the weight of the gonads (Fig. 
13a; ANOVA, p=0.248), although it appears that the 
values between disc width 20 and 28 cm are slightly 
higher for group 1 than for group 2.
The females of group 1 have a significantly higher 
gonado/somatic index (Fig. 12b; ANOVA, p=0.002) 
than the females of group 2. No significant 
differences between the females of groups 1 and 2 
could be detected for the weight of the gonads (Fig. 
13b; ANOVA, p=0.070), the weight of the 
nidamental glands (Fig. 14; ANOVA, p=0.063) or the 
total number of yellow eggs (Fig. 15; ANOVA, 
p=0.198), although it appears that the values 
between disc width 20 and 32 cm are slightly higher 
for group 1 than for group 2.
No significant differences between the males of 
groups 1 and 2 of quarter 3 could be detected for 
the weight of the liver (Fig. 17a; ANOVA, p=0.070) 
or the hepato/somatic index (Fig. 18a; ANOVA, 
p=0.177), although it appears that the values 
between disc width 20 and 36 cm are slightly lower 
for group 1 than for group 2.
The females of group 2 have a significantly
heavier liver (Fig. 17b; ANOVA, p<0.001) and a 
higher hepato/somatic index (Fig. 18b; ANOVA, 
p<0.001 ) than the females of group 1.
There were no differences in overall mean bottom 
water temperature in January and May from 1902- 
1952 between the areas in which groups 1 
(6±1,5°C) and 2 (6±1.5°C) of R. radiata were caught 
(Tomczak & G oedecke , 1962) and no differences in 
reproduction and weight of the liver could be
detected between groups 1 and 2 (males and
females) in these quarters (1 and 2).
4.2. DISTRIBUTION
To see if there have been changes in the distribution 
areas and abundance of R. radiata, R. naevus, R. 
montagui and R. clavata in the North Sea during the 
past 20 years, the catches per hour per ICES 
quadrant, made during the ICES February surveys 
were calculated for the years 1974, 1981, 1986 and 
1991. These catches per hour per quadrant are 
presented in Fig. 19 (R. radiata), Fig. 20 {R.
naevus), Fig. 21 8 ( f t  montagui) and Fig. 22 (R. 
clavata).
In 1974 f t  radiata  was only caught in a few 
quadrants. No differences in distribution area 
between 1981, 1986 and 1991 could be detected. It 
appears that between 1974 and 1981 this species 
became more abundant in the North Sea. The 
highest catches per hour in 1981, 1986 and 1991 
have been made in the central North Sea. The 
southern boundary for this species is about the 
same in 1981, 1986 and 1991, situated approxi­
mately between the central and the southern North 
Sea (Fig. 19).
No clear differences in the distribution area of f t  
naevus could be detected between the years 1974, 
1981, 1986 and 1991. The catches were largely 
confined to the north-western part of the North Sea. 
It appears that the distribution area has not changed 
during the past 20 years (Fig. 20).
In 1974 only one specimen of f t  m ontagui was
caught in quadrant 46E7, during the ICES February 
surveys. In 1981 no specimens where caught. 
Important information from the southern North Sea 
and south of the Shetlands is lacking for 1974 and 
1981. It appears that the spotted ray has slightly 
increased its distribution area and its abundance 
between 1986 and 1991. In 1991 a high mean catch 
rate of 129 individuals per hour fishing occurred 
during two hauls made in quadrant 35F0. Two 
separate distribution areas can be distinguished in 
the year 1991. The first one in the southern North 
Sea and the second one south of the Shetlands 
(Fig. 21).
It appears that the distribution area of R. clavata 
has changed from 1974 to 1991. In the years 1974 
and 1981 this species was caught, although in low 
numbers, in the northern and central North Sea. 
Unfortunately no hauls were made around the 
Shetlands and in the southern North Sea during 
1974 and 1981. In 1986 and 1991 almost all the 
specimens were caught in the southern North Sea. 
It appears that the distribution area of this species 
has moved southward. In 1991 an exceptionally high 
mean catch rate of 2887 individuals per hour fishing 
occurred during two hauls made in quadrant 35F0. 
The dot in this quadrant has been resized to a catch 
per hour of 200 (Fig. 22).
5. DISCUSSION
5.1. SIZE COMPOSITION
Individuals of the width classes (4-20 cm) were 
virtually absent in the catches of R. naevus, R. 
montagui and R. clavata. Most of the individuals of 
all disc width classes of R. radiata were caught by 
the RV Pelagia (beamtrawl), but the RV Pelagia 
fished primarily in areas were R. radiata is 
abundant. All the individuals of R. naevus were 
caught by the RV Tridens (GOV-trawl; Table 2). 
Individuals of R. montagui and R. clavata were 
caught with the beamtrawl as well as with the GOV- 
trawl. Two explanations for the absence of small 
individuals of R. naevus, R. montagui and R. clavata 
in the catches are:
1. The smaller rays have a lower chance of being 
caught by the gears used than the bigger rays, 
especially the GOV-trawl.
2. The smaller rays do not have the same dis­
tribution area as the bigger rays.
The hauls made in 1992 in the North Sea to catch 
the rays were all quite a distance from coastal 
waters (Table 2). It is possible that there is migration 
of the mature individuals to shallow waters where 
the eggs are spawned and the young rays grow up. 
It appears that there are spawning migrations (also 
mating aggregations) of mature individuals in at 
least certain populations of R. clavata (Steven , 
1936; Holden , 1974b; Ho ld en , 1975; Ryland  & 
Aja y i, 1984) and R. montagui (H olden , 1974b; 
Ryland & Aja y i, 1984; K nijn et al., 1993). The bay of 
Douarnenez (Brittany) serves as a nursery area for 
the young of R. clavata in their first years of life 
(Rousset, 1990; K nijn et al., 1993). Some seasonal 
migration of R. naevus may take place in the North 
Sea (K nijn et at., 1993). There are no indications for 
the existence and location of spawning grounds of 
R. radiata in the North Sea (K nijn et al., 1993) and 
surveys with the RV Pelagia showed that in areas 
where individuals of R. radiata have been caught, 
there were usually a lot of egg-cases of this species 
in the catches. Most egg-cases were empty, but 
some of them contained eggs or even young rays in 
different stages of development. So, it is possible 
that the immature and adult stages of R. radiata 
have a similar distribution.
5.2. REPRODUCTION OF THE FOUR RAY SPECIES
The estimates of the lengths-at-maturity (based on 
the presence of yellow eggs) obtained in this study 
for the four species can be transposed to age with 
the use of mean lengths-at-age data of different 
authors (based on rays caught in different areas and 
different ageing methods, see below). It is then 
possible to estimate the age at which the females 
are mature orclose to maturity. See below.
R. radiata 2-3 yr (V in th e r ,  1989; central North Sea)
R. naevus 2-3 yr 
6-7 yr
(F ahy , 1989a; Irish waters) 
(Du B u it ,  1975; Celtic Sea)
R. montagui 4-5 yr 
4-7 yr 
8-11 yr
(Fahy, 1989a; Irish waters)
(R y la n d  & A ja y i,  1984; British Isles) 
(H o ld e n ,  1972; British waters)
R. clavata 6-7 yr 
6-7 yr 
6-8 yr 
9-11 yr
(Fahy, 1989a; Irish waters)
(R y la n d  & A ja y i,  1989; British Isles) 
(B r a n d e r  & P a lm e r, 1984; Irish Sea) 
(H o ld e n ,  1972; British waters)
These estimates of first age-at-maturity for female 
R. radiata, R. naevus, R. montagui and R. clavata 
are, therefore, derived from the results of this paper 
and the mean lengths-at-age calculated by different 
authors (Ho ld en , 1972; Du Bu it , 1975; Brander & 
Palm er , 1984; Ryland & Aja y i, 1984; Fahy , 1989a; 
V inther , 1989). The presence of yellow eggs 
(diameter > 0.5 cm) was used as an indication that 
the female rays are mature or close to maturity. 
V inther  (1989) estimated the first age-at-maturity of 
R. radiata between 4 and 6 years, but the estimate 
in this paper, based on the presence of yellow eggs, 
is between 2 and 3 years, which is probably too low. 
For R. naevus the first age-at-maturity derived from 
mean lengths-at-age of Fahy (1989a) is estimated 
between 2 and 3 years. This estimate is probably 
also too low. This could be due to:
1. The yellow eggs are present before a ray 
reaches maturity.
2. The published age-at-maturity values are based 
on observations of fish, which have external 
evidence of maturity. These fish could have been 
mature for some time.
3. The area in which the rays have been caught 
seems to have an influence on the growth rates 
and therefore the mean lengths-at-age (Fahy , 
1989a). Holden (1972) also suggested there 
were possible differences between the growth 
rates of different populations of R. clavata.
4. The methods (usually by counting the number of 
opaque and translucent bands in calcified 
structures in the vertebrae) used by the different 
authors to calculate the mean lengths-at-age are 
often different and according to W alker (pers. 
comm.), in some of the methods the bands are 
not easy to distinguish. This could also be a 
reason for the inconsistency between the mean 
lengths-at-age of the same species calculated by 
different authors. The material used for this 
project will be aged in the near future, which will 
clarify this point.
The different reproductive characteristics used in 
this paper for R. montagui and R. clavata are 
probably on the low side due to seasonal variation in 
reproductive activity. For example, the number of 
yellow eggs (diameter > 0.5 cm) counted in females 
of these two species could be influenced by the 
season in which they have been caught. Egg-laying 
in R. clavata caught in British waters starts in 
February, reaches a peak rate in June and ceases 
by September (H olden , 1975). Peak spawning in R.
montagui caught in the Bristol Channel is from 
February to June (Ryland & A jayi, 1984). The rate 
of egg-laying in rays is apparently temperature 
dependent (Holden et al., 1971). The individuals of 
these two species used for this paper were all 
caught in December in the southern North Sea. The 
reproductive activity (rate of egg-laying) of the 
caught individuals is probably low in this month.
Although there are d iffe rences in the published 
mean lengths-at-age of the sam e species, it 
appears tha t R. radiata reaches m aturity  at the 
lowest age, fo llowed by R. naevus, R. montagui and 
R. clavata. Accord ing to  B rander (1981) the  net 
survival to m aturity is probably m ore im portan t than 
the fecund ity  of the ray species to  m aintain 
recru itm ent. The longer it takes fo r a fem a le  ray to 
m ature, the h igher the chance tha t she w ill be 
caught be fore she can reproduce, assum ing there 
are no d iffe rences in the ca tchab ility  of R. radiata, R. 
naevus, R. montagui and R. clavata. If we take this 
into account than R. radiata has the  highest 
to le rance to fishery of the fou r species. R. radiata is 
the m ost abundant species in the North Sea 
nowadays and the re lative ly low age-a t-m a tu rity  fo r 
th is species is probably the key-facto r fo r  the 
"success" of th is  species in the  North Sea. No 
d iffe rences in the d istribu tion area cou ld be detected 
in the past 20 years fo r  R. naevus and R. montagui. 
However, it appears tha t the d istribu tion area of R. 
clavata has m oved southw ards (Fig. 22). A ccord ing 
to  Brander (1981), R. clavata has the lowest 
to le rance of the fo u r species stud ied to  fishery, 
because the fem ales of th is species m ature at a 
very high age. This high age-a t-m atu rity  is probably 
the key-facto r in the sh ift of the  d istribu tion area of 
th is species from  the centra l and the southern  North 
Sea to the southern North Sea. F ishery pressure in 
the southern North Sea is h igher than in the  centra l 
and northern North Sea (A n on ., 1992), but in the 
areas in which R. clavata is abundant fishery 
pressure is re lative ly low, because of the  s tony sea 
bottom . Changes in food abundance, natural 
m orta lity, tem pera ture  o r changes in o ther b iotic or 
ab io tic factors could also p lay an im portan t role. R. 
batis, a ray species tha t reaches m aturity  at an even 
h igher age than R. clavata, has d isappeared from  
the Irish Sea, although it was very  com m on in these 
waters in the past and it is suggested by B rander 
(1981), tha t th is is due to  fishery. A lthough R. 
radiata is the m ost abundant species in the  North 
Sea at present (V inther  & S parho lt , 1988;
S parholt & ViNTHER, 1991), the overall landings of 
rays and skates from 1910 to 1992 has declined 
rapidly (Fig. 1, see also Hold en , 1978). Species with 
a very high age-at-maturity will probably suffer most 
from fisheries and will be the first species to 
disappear. Therefore, future exploitation of rays and 
other elasmobranchs has to be done with extreme 
care.
5.3. REPRODUCTION AND STORAGE IN TWO 
GROUPS OF RAJA RADIATA
No differences could be detected in reproduction 
and storage of energy between groups 1 and 2 of R. 
radiata caught in quarters 1 (January/February) and 
2 (May), but there were almost no differences in the 
overall mean bottom water temperature of January 
and May from 1902-1952 between the two areas in 
which in two groups have been caught (both areas 
in both months 6±1.5°C).
For males there are significant differences in the 
gonado/somatic index and the length of the claspers 
between groups 1 and 2 caught in quarter 3. For 
females there are significant differences in 
gonado/somatic index, weight of the liver and 
hepato/somatic index between groups 1 and 2 
caught in quarter 3. The overall mean bottom water 
temperature of August from 1902-1952 (Tomczak & 
G oedecke , 1962) was higher in the area in which 
group 1 was caught (9±2°C), than in the area in 
which group 2 was caught (7±2°C). The gonado/- 
somatic index of males and females of group 1 is 
higher than the gonado/somatic index of males and 
females of group 2. Therefore, the investment in 
reproduction relative to body weight is higher when 
the temperature is higher. A higher rate of egg- 
laying of R. clavata has been observed in the 
warmer months of the year (H olden , 1975; Ryland 
& Aja y i, 1984). The hepato/somatic index and the 
weight of the liver are higher in females of group 2 
than in females of group 1. This suggests that 
relatively more energy is stored by females at lower 
temperatures than at higher temperatures. No 
difference was found between the weight of the liver 
and the hepato/somatic index in males of the two 
groups. It is possible that in the summer months 
(quarter 3) the females store more energy to enable 
the production of reproductive tissue than during the 
winter and spring (quarters 1, 2 and 4). The 
hepato/somatic index is relatively high in the 
elasmobranchs, because of the fatty liver, which has
a higher mass of adipose cells than glandular tissue 
(O guri, 1990). The fatty liver is probably used for 
static lift, because rays, skates and sharks do not 
have a swim bladder. In addition the storage of high 
energy fatty acids in the liver may act as a lipid 
nutrient reservoir for the adult fishes during hard 
times (shortage of food or low temperature, causing 
problems in catching food, because of slower 
movement) and egg development (O g u r i, 1990). 
Hoenig  & G ruber (1990) believe that a large liver is 
an adaptive characteristic for predators that live 
under feast-or-famine regimes.
Growth, movement and metabolism in ectotherms 
is probably also higher when temperature is higher. 
To what extent these other energetic processes 
contribute to the differences found in reproduction 
and storage between the two thermally differentiated 
groups of R. radiata is difficult to say. Temperature 
differences will not only affect the physiology of the 
fish but will also determine the abundance of food. It 
is assumed, however, that food is not a limiting 
factor to growth.
T empleman (1982) found differences in the size of 
the egg-cases and the size-at-maturity in R. radiata. 
The smallest egg-cases of R. radiata were found in 
the North Sea and these rays probably reach 
maturity at a lower size than in the more northern 
waters. In the North Sea the maximum length, age- 
at-maturity and life-expectancy of the spiny dogfish 
(Squaius acanthias), a member of a closely related 
family, are lower than that of populations elsewhere 
(Fahy , 1989b), suggesting latitudinal influence in 
which temperature could play an important role. This 
appears to be the case for R. radiata. Two thermally 
differentiated groups of R. radiata caught in the 
North Sea in August and September in 1992 show 
differences in reproduction and storage, probably 
caused by differences in temperature between the 
areas in which the groups were caught. The group 
of R. radiata that lived in the "warmer" area 
developed their gonads and reached maturity at a 
lower size than the group that lived in the "colder" 
area. The group of female R. radiata that lived in the 
"colder" area stored more energy in the liver than 
the group that lived in the "warmer" area.
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Fig. 1. ICES catch statistics for rays and skates in the North Sea from 1910 to 1992. Data from Bulletin Statistique (1910-
1990).
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2a. Relationship between total weight and disc width of male Raja radiata caught in the North Sea in 1992.
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3a. Relationship between total weight and disc width of male Raja naevus caught in the North Sea in 1992.
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Fig. 4a. Relationship between total weight and disc width of male Raja montagui caught in the North Sea in 1992.
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5a. Relationship between total weight and disc width of male Raja clavata caught in the North Sea in 1992.
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Fig. 6a. Mean weight of the gonads per disc width class of male Raja radiata, R. naevus, R. montagui and R. clavata caught in 
the North Sea in 1992. The values and standard deviation are plotted in the middle of each disc width class.
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Fig. 6b. Mean weight of the gonads per disc width class of female Raja radiata, R. naevus, R. montagui and R. clavata caught 
in the North Sea in 1992. The values and standard deviation are plotted in the middle of each disc width class.
R montagui
Disc width (cm)
Fig. 7a. Mean gonado/somatic index per disc width class of male Raja radiata, R. naevus, R. montagui and R. clavata caught 
in the North Sea in 1992. The values and standard deviation are plotted in the middle of each disc width class.
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Fig. 7b. Mean gonado/somatic index per disc width class of female Raja radiata, R. naevus, R. montagui and R. clavata caught 
in the North Sea in 1992. The values and standard deviation are plotted in the middle of each disc width class.
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g. 8. Mean weight nidamental glands per disc width class of female Raja radiata, R. naevus, R. montagui and R. clavata 
caught in the North Sea in 1992. The values and standard deviation are plotted in the middle of each disc width class.
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Fig. 9. Mean number of yellow eggs per disc width class of female Raja radiata, R. naevus, R. montagui and R. clavata caught 
in the North Sea in 1992. The values and standard deviation are plotted in the middle of each disc width class.
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Fig. 10. Mean length of right claspers per disc width class of male Raja radiata, R. naevus, R. montagui and R. clavata caught 
in the North Sea in 1992. The values and standard deviation are plotted in the middle of each disc width class.
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Fig. 11. Mean bottom water temperature in August from 1902-1952 (redrawn from T o m c za k  & GOEDECKE, 1962). Stars 
represent the ICES quadrants in which individuals of group 1 and 2 of Raja radiata were caught in the North Sea in 
August/September in 1992 (see Table 2). The division in group 1 and 2 is based on overall difference in mean bottom water 
temperature of August.
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Fig. 12a. Mean gonado/somatic index (mean and standard deviation) per disc width class of male Raja radiata of group 1 and 2
caught in the North Sea in August-September 1992.
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Fig. 12b. Mean gonado/somatic index (mean and standard deviation) per disc width class of female Raja radiata of group 1 and
2 caught in the North Sea in August-September 1992.
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Fig. 13a. Mean weight of the gonads (mean and standard deviation) per disc width class of male Raja radiata of group 1 and 2
caught in the North Sea in August-September 1992.
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Fig. 13b. Mean weight of the gonads (mean and standard deviation) per disc width class of female Raja radiata of group 1 and
2 caught in the North Sea in August-September 1992.
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14. Mean weight of the nidamental glands (mean and standard deviation) per disc width class of female Raja radiata of 
group 1 and 2 caught in the North Sea in August-September 1992.
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Fig. 15. Mean number of yellow eggs (mean and standard deviation) per disc width class of female Raja radiata of group 1 and
2 caught in the North Sea in August-September 1992.
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Fig. 16. Mean length of the right claspers (mean and standard deviation) per disc width class of male Raja radiata of group 1
and 2 caught in the North Sea in August-September 1992.
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Fig. 17a. Mean weight of the liver (mean and standard deviation) per disc width class of male Raja radiata of group 1 and 2
caught in the North Sea in August-September 1992.
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Fig. 17b. Mean weight of the liver (mean and standard deviation) per disc width class of female Raja radiata of group 1 and 2
caught in the North Sea in August-September 1992.
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Fig. 18a. Mean hepato/somatic index (mean and standard deviation) per disc width class of male Raja radiata of group 1 and 2
caught in the North Sea in August-September 1992.
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Growth parameters and fecundity of male and female f t  radiata, f t  naevus, f t  montagui and f t  clavata from different sources.
Literature summary
Growth parameters and fecundity
Species Maximum 
length (cm) 
males
Maximum 
length (cm) 
females
Age at
maturity
males
Age at
maturity
females
Max. age 
males and 
females
Eggs/year
average
Source
R. radiata 66 66 4-6 4-6 V inther, 1989
R. naevus 92 92 9 9 13-14 71-90 Clark, 1922 
Du Buit, 1975, 1976
R. montagui 69-98 73-98 11 11 18 24 Holden elal., 1971 
Holden, 1972; 1974 
RYLAND& Ajayi, 1984 
Fahy, 1989
R. clavata 86 107 7-12 9-12 20 52 C la rk , 1922; Steven, 
1936; Holden et al., 
1971;H0LDEN, 1972 
Ryland & Ajayi, 1984
co
CD
1992
Date
Survey Quarter R. radiata 
Groups
ICES
Quadrant
Depth
(m)
R. radiata 
# Females
R. radiata 
# Males
R. naevus 
# Females
R. naevus 
# Males
R. montagui 
ft Females
R. montagui 
# Males
R. clavata 
# Females
R. clavata 
# Males
08-Jan-92 RV Pelagia 1 Group 1 39F0 2 2 1
15-Jan-92 RV Pelagia 1 Group 1 39F3 2 1
25-Jan-92 RV Pelagia 1 Group 1 37F0 4 4
20-Feb-92 RV Pelagia 1 Group 1 40F4 50 6 6
24-Feb-92 RV Pelagia 1 Group 1 38F1 58 6 3
26-Mar-92 RV Pelagia 1 Group 1 39F0 1 3
Total 21 19 0 0 0 0 1 0
20-Jan-92 RV Pelagia 1 Group 2 42F2 5 4
21-Jan-92 RV Pelagia 1 Group 2 45F1 9 9
21-Jan-92 RV Pelagia 1 Group 2 46F1 18 8
Total 32 21 0 0 0 0 0 0
06-May-92 RV Tridens 2 Group 1 39F2 32 1
07-May-92 RV Tridens 2 Group 1 41E9 73 4 2 1
07-May-92 RV Tridens 2 Group 1 39F0 77 2 6
07-May-92 RV Tridens 2 Group 1 39E9 67 7 3
07-May-92 RV Tridens 2 Group 1 41E8 53 2 2 1
08-May-92 RV Tridens 2 Group 1 44 E8 81 1 1 1
08-May-92 RV Tridens 2 Group 1 44E9 107 2 4 2
08-May-92 RV Tridens 2 Group 1 43E8 82 2 4 18 14
08-May-92 RV Tridens 2 Group 1 43E9 77 2 1 4 1
14-May-92 RV Tridens 2 Group 1 37 FO 56 7
Total 30 23 23 19 0 0 0 0
11-May-92 RV Tridens 2 Group 2 43 FO 81 1
11-May-92 RV Tridens 2 Group 2 43F1 91 2 4
11-May-92 RV Tridens 2 Group 2 43F2 77 7 5
11-May-92 RV T ridens 2 Group 2 43F3 59 4 6
13-May-92 RV Tridens 2 Group 2 41F4 55 1
13-May-92 RV Tridens 2 Group 2 41F1 78 6 3
13-May-92 RV Tridens 2 Group 2 41F3 63 1 1
13-May-92 RV Tridens 2 Group 2 41 FO 75 6 2
13-May-92 RV Tridens 2 Group 2 41F2 74 2
Total 26 25 0 0 0 0 0 0
27-Aug-92 RV T ridens 3 Group 1 46E9 123 2 1
28-Aug-92 RV T ridens 3 Group 1 44E9 109 1 1
28-Aug-92 RV Tridens 3 Group 1 44E8 85 1 8 8
31-Aug-92 RV T ridens 3 Group 1 41E9 70 1 1
01-Sep-92 RV Tridens 3 Group 1 39E9 76 1
01-Sep-92 RV Tridens 3 Group 1 39F0 75 2 2
01-Sep-92 RV Tridens 3 Group 1 39F2 30 1
02-Sep-92 RV Pelagia 3 Group 1 38 FO 62 3
02-Sep-92 RV Pelagia 3 Group 1 39F1 63 1
02-Sep-92 RV Pelagia 3 Group 1 39F0 63 1
02-Sep-92 RV Pelagia 3 Group 1 40 FO 90 23 13
Total 36 18 9 8 0 0 0 0
26-Aug-92 RV Tridens 3 Group 2 43F4 54 10 11
26Aug-92 RV Tridens 3 Group 2 46F1 104 3 1
26-Aug-92 RV Tridens 3 Group 2 46 F2 105 5 4
Total 18 16 0 0 0 0 0 0
1992 Survey Quarter R. radiata ICES Depth R. radiata R. radiata R. naevus R. naevus R. montagui R. montagui R. clavata R. clavata
Date G roups Q uadrant (m) # Females # Males # Females # Males U Females # Males # Females # Males
14-May-92 RV Tridens 2 35F0 80 1
14-May-92 RV Tridens 2 35F1 27
20-May-92 RV Pelagia 2 2
28-Aug-92 RV Tridens 3 43E8 78 9 3
31-Aug-92 RV Tridens 3 41E8 53 4
31-Aug-92 RV Tridens 3 41F1 80 1
02-Sep-92 RV Tridens 3 35F1 26 7 7 3
26-0ct-92 RV Tridens 4 39F1 34 3
26-Oct-92 RV Tridens 4 39F2 35 1
27-Oct-92 RV Tridens 4 38F0 75 3 6
27-0ct-92 RV Tridens 4 36F0 95 1 2
27-0ct-92 RV T ridens 4 39F0 77 13 10
27-Oct-92 RV Tridens 4 37F0 69 3
28-Oct-92 RV Tridens 4 35F1 27 11 5 2 4
28-Oct-92 RV Tridens 4 36F1 80 3 9 4 4
28-Oct-92 RV Tridens 4 35F2 31 2 7 1
28-Oct-92 RV Tridens 4 36F2 28 8 7
07-Dec-92 RV Pelagia 4 35F2 35 1
08-Dec-92 RV Pelagia 4 36F1 88 1 1
08-Dec-92 RV Pelagia 4 35F1 30 1
08-Dec-92 RV Pelagia 4 36F1 80 2 2 1
08-Dec-92 RV Pelagia 4 36F1 86 10 8 2 1
08-Dec-92 RV Pelagia 4 36F1 90 2 1 2
08-Dec-92 RV Pelagia 4 36F1 87 2 2 9 4
09-Dec-92 RV Pelagia 4 37F1 74 2 1 1
09-Dec-92 RV Pelagia 4 36F2 33 1 1 1
09-Dec-92 RV Pelagia 4 37F1 72 1 2
09-Dec-92 RV Pelagia 4 37F1 75 1 1 1
Total 23 19 14 3 54 55 26 20
All 186 141 46 30 54 55 27 20
Difference in length and disc width between fresh and thawed male and female f t  montagui and f t  clavata.
Difference in length and disc width 
between fresh and thawed rays
R. montagui 
Females
R. montagui 
Males
R. clavata 
Females
R. clavata 
Males
Number 23 18 15 9
Mean fresh length (cm) 48,33 51,47 56,24 52,66
Mean thawed length (cm) 47,78 50,79 55,49 52,14
Range fresh length (cm) 36.3-62.9 36.9-65.3 37.7-94.2 45.2-75.7
Overall percentage thawed/fresh 98,8% 98,7% 98,7% 99,0%
Overall difference fresh-thawed (cm) 0,56 0,68 0,75 0,51
L(fresh)=a+b*L(thawed) a= 0,5616 -0,1605 0,362 0,6532
L(fresh)=a+b*L(thawed) b= 0,9999 1,0165 1,0069 0,9973
Mean fresh disc width (cm) 33,61 34,3 40,2 40,2
Mean thawed disc width (cm) 33,28 34,09 39,86 39,86
Range fresh disc width (cm) 25.2-43.8 25.3-41.8 26.6-68.4 32.0-49.5
Overall percentage thawed/fresh 99,0% 99,4% 99,2% 99,6%
Overall difference fresh-thawed (cm) 0,33 0,21 0,34 0,14
DW(fresh)=a+b*DW(thawed) a= 0,2111 -0,3225 0,5558 -0,2141
DW(fresh)=a+b*DW(thawed) b= 1,0036 1,0155 0,9946 1,01
TABLE 4
Length / disc width relationship of male and female f t  radiata, f t  naevus, 
f t  montagui and f t  clavata.
Lenqth = a + b * Disc width
Species Sex a b Number
f t  radiata Females 1.014 1.479 179
Males 0.600 1.476 134
f t  naevus Females 3.211 1.630 45
Males 1.460 1.688 30
R. montagui Females -2.620 1.522 54
Males -7.441 1.717 55
f t  clavata Females 2.254 1.331 27
Males -7.108 1.654 20
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